It is to be expected on general grounds that the conduction process and the excitation process in nerve will have common factors. This expectation has led to the assumption (1) that the nerve impulse may be propagated by means of the action potential which is thus required to stimulate succeeding inactive sections of the nerve in a manner quite analogous to that in which a potential applied to the outside excites a resting nerve at a certain region. Following this assumption one should be able to derive equations representing the conduction process from those which have already been established for the process of electrical excitation and thereby determine the common factors of the two processes. The validity of the original assumptions as well as that of the electrical excitation equations used in carrying through the analysis will be tested by data concerning both the velocity of the impulse and the electrical excitation of the same preparation at the same time.
where K and k are constants, and V is the stimulating voltage. This (3) leads to the following expression for the velocity, v, of the impulse,
Ra where I and R respectively, are the action current and the liminal value of the action current necessary for excitation, k is as that of Equation 1 and a is given by,
where ~ is the ratio of the resistance of unit length of the core of the nerve fibre to that of unit length of the outside sheath, p and ~ are the specific resistivities of the core and the intermediate sheath respectively, ~ the thickness of this sheath, and r the radius of the core. E. A. Blair and Erlanger (5) obtained voltage-capacity curves on several fibres in the same trunk in several preparations as well as the velocity of the impulse in each. These data are given in Tables I,  II , and III. In Table I are the data for the voltage-capacity curves of two preparations, two sets from each using different conduction distances. The fibres are numbered starting with the fastest and the columns give the voltages and capacities required to excite each in turn. The two rheobases are the initial and the final respectively. In Table II are the similar data for a single set on a third preparation. In Table III are tabulated the velocities in the fibres against their numbers as in Tables I and II . The resistance of the condenser circuit was in each case 26,000 ohms.
According to integrals (9) A m e a n s of o b t a i n i n g t h e k of e a c h fibre is t h u s p r o v i d e d . T h i s is V c o n v e n i e n t l y d o n e b y p l o t t i n g cr log ~ as o r d i n a t e s a g a i n s t log cr + Figs. 1 and 2 in this fashion the data of the fibres with the greatest and the least velocity respectively of the first set of data in Table I . Also the whole of the data of the third preparation are given in Table  II with measured and calculated voltages, the latter having been obtained by assuming the capacities, resistances, and rheobases to be correct as given and by taking the k values derived from such repre- In the whole set there were a few cases such as this in which the voltage-capacity curve seemed to be mixed somewhat; i.e., it seemed to correspond in various parts to more than one fibre. Apart from these few cases, however, the use of Equation 4 as a criterion shows that the voltage-capacity curves of the separate fibres in a trunk can be ob-tained, by E. A. Blair and Erlanger at least, with about the same clearness and precision as is obtainable on the most excitable group of fibres in a trunk in the ordinary nerve muscle preparation. In Figs. 3 and 4 are plotted the resulting k values against the velocities of the impulses, the first figure being for both experiments on the first nerve and the second for the second and third nerves. The curves show that the velocity is not a linear function of the excitability as has been suggested previously (7) . A given excitability may in fact have two corresponding velocities. The smoothness and the regularity of the curves do indicate, however, that the velocity is a function of k. The nature of this function will be discussed later.
2.1@
The values of k and v may now be related to Equation 2. This equation presents at once the difficulty that it involves the quantities I, R, and a which have not been measured. The quantity a since it is a function of the radius alone in fibres of similar structure and constituents, is perhaps measurable with fair accuracy on isolated fibres but in general it will probably be impossible to obtain its value with the present type of experiment so that it must be dealt with indirectly. The quantity (I -R ) / R can perhaps be measured directly through the following circumstance. At the moment an external stimulus becomes adequate the action current commences to flow at the excited region and the unexcited region immediately adjoining is subject to the maximum value of this current; i.e., it is subject to a constant current and it should be excited according to the integral ~ of Equation 1 for direct current (9),
That is, the impulse will not start to travel down the nerve until after an interval tl following the moment at which the external stimulus becomes adequate. This lag has been in fact observed (10, 5) but not measured in the present instance for each velocity. E . A . Blair and Erlanger (5, p. 530) give as extreme values tl = 0.25 a approximately for the high velocity fibres and 2.4 a for the low. From Table I the k of the most irritable fibre is probably about 2500, of the least about 100. Therefore in the first case using Equation 6, But it is desirable to express R in terms of the external rheobase, R', which is contained in the data. Since the voltage drop per unit length of trunk varies as R' the current in any particular fibre will vary as R'. But the relative currents in different fibres will vary conjointly with their quantities a and their conductivities; i.e., as a r ~. Therefore R varies as a r2R ' and if ~ and p are constants for aU fibres Equation 7 becomes on the first preparation and in Fig. 6 those for the other two preparations. The numerical equation of Fig. 5 as it is drawn is, drawn with the slopes 1.5 exactly corresponding to q --2 exactly.
It will be seen that the data agree with the Equation 11 in rough approximation. The agreement probably is not as good as can be expected from the accuracy of the data but it may not be proper to assume I -R as constant nor proper to assume that all the fibres are similarly constituted, nor that the velocity varies exactly as a power of the radius. All these things are probably approximately true, how-ever, so that the agreement obtained can be taken as an indication of the validity of Rashevsky's analysis.
The finding q = 2 above leads to the conclusion that the velocity varies as the square of the radius. The lines of Figs. 5 and 6, however, might equally well have been drawn with slopes 5/3, in which case would 1/q --2/3 so that the velocity would vary as the radius to the Log k/R' with log velocity for the second and third nerves. short, circles; second long, large dots; third, small dots. Second power 3/2. In either case the conclusion reached here is consistent with the conclusion from experiment that the velocity varies as a small power of the radius (5), and this is in further support of the validity of the analysis. More exact conclusions can be drawn when data have been obtained giving (I -R ) / R along with v and k, and when it has been better determined how the velocity and radius are related.
Two other relations are given in Figs. 7 to 10 . In Figs. 7 and 8 respectively are plotted log v and R' for the first preparation and for the other two. These data conform quite well to the relation, log v ~ --a R' -I-log b (12) where a and b are constants. It will be noted in the data of Table III that with the second nerve (long) there is a single velocity 1740 in two fibres of different k's. This The empirical relation of Equation 12 is much the simplest of the relations of the velocity to stimulation data. It indicates that the right hand part of Equation 2 can be expressed in terms of the rheobase alone but it is scarcely worth while to attempt this until data have been obtained on the quantity (I -R ) / R at least.
In conclusion it appears that the data of E. A. Blair and Erlanger lend support to Rashevsky's formulation of the idea that the nervous impulse is propagated by means of the action current, which excites with greatly different excitabilities.
successive regions according to H. A. Blair's excitation equations. In any case it is established that voltage-capacity curves conforming to the usual criteria are obtainable on the separate fibres of a trunk. The rheobases and excitabilities as derived from these curves conform to comparatively simple empirical relations with the velocity. This indicates that the velocity is a function of the same quantities of which the voltage-capacity curves are a function. Although such functional relationships between transmission and excitation are possible if both processes, even though they are quite different, depend on the dimensions of the tissue elements, their existence does not appear to be at all probable unless the processes are of the same kind. Therefore, even though the present theoretical views are not substantiated by further investigation, there is good reason to believe that the basic hypothesis that the action current is the primary factor in transmission is correct. No mention has been made of the possibility of the exciting current acting only through the nodes of Ranvier (12, 1). Rashevsky (3) has analyzed this case also. The velocity under certain conditions approximates the value given by Equation 2 but this problem cannot be considered further from the present point of view without a knowledge of the internodal distances involved in each case.
SUMMARY
Data by E. A. Blair and Erlanger on the voltage-capacity curves and the nerve impulse velocities of each of several fibres in the same nerve trunk are related to Rashevsky's equation for the velocity of transmission in nerve. The results lend support to Rashevsky's analysis. Other empirical relations between the velocity and the parameters of the excitation equations indicate the correctness of the hypothesis that the action current is the primary factor in transmission, which process is carried on by the electrical excitation of successive regions of the nerve fibre by means of its action current according to the ordinary laws of electrical excitation. 
